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Ever since the fluid mosaic membrane
model was formulated in 1972 by
Singer and Nicholson (1), it has be-
come increasingly clear that biological
membranes are not only fluid, but
also highly mosaic (2). The large num-
ber of different lipid and protein spe-
cies that are present in a biological
membrane are not ideally mixed and
associate, more or less permanently
or only transiently, in clusters and
domains of variable sizes (3–6). This
spatial and temporal heterogeneity is
further modulated by interaction with
the cytoskeleton on the inside and the
glycocalyx on the outside of cell
membranes. The effects of lateral and
transverse membrane heterogeneity
slow down the lateral diffusion of
membrane lipids by one-to-two orders
of magnitude; the lateral diffusion
of membrane proteins can be even
more affected by these complex inter-
actions.
In cells, effects of certain lipids or
proteins on membrane diffusion are
often studied by extracting or geneti-
cally eliminating one or more compo-
nents. While this approach has proved
to be extremely powerful for pinpoint-
ing contributions of individual com-
ponents to membrane fluidity, these
kinds of studies are limited by the
extreme complexity of the systems
that are investigated. Cholesterol
extraction, for example, can have
multiple indirect effects on the mem-
brane probes that are monitored inhttp://dx.doi.org/10.1016/j.bpj.2013.02.046
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rupting the cytoskeleton by pharmaco-
logical or mechanical treatments can
greatly influence dynamical properties
of the cell membrane through multiple
mechanisms that are not easy to sepa-
rate.
In addition to these top-down elim-
ination approaches in vivo, bottom-up
reconstitution approaches in vitro
have greatly influenced the molecular
understanding of many complex sys-
tems in cell biology, including the
structure and function of cellular
membranes. In an article published
in this issue, Heinemann et al. (7)
have taken a new reconstitution
approach to investigate the lateral
diffusion of lipids and peripheral
lipid-linked proteins in model mem-
branes that were bound to a minimal
actin network. Lateral diffusion was
shown to strongly depend on probe
size (protein versus lipid) and mesh
size of the coupled actin network. To
obtain their data, Heinemann and
Schwille (8) prepared free-standing
lipid membranes over micrometer-
size holes of an electron microscope
grid. Diffusion of lipids (Atto-
DOPE) and proteins (Alexa-cholera
toxin B bound to gangliosides GM1)
was measured by spot variation fluo-
rescence correlation spectroscopy.
Actin networks were assembled on
both sides of the free-standing mem-
branes by cross-linking a fraction of
the actin subunits to the membrane
via a biotin-neutravidin-biotin link-
age. Natural variations in actin fila-
ment density were quantified in each
spot by fluorescence intensity mea-
surements of actin filament-binding
Alexa-labeled phalloidin. Actin net-
works were additionally contracted
by incubation with myosin filaments,
which resulted in a further decrease
of lateral diffusion of lipid and protein
probes.
Numerous interesting results emerge
from this study that improves contem-
porary understanding of the coupling
of membrane dynamics to a bound
actin cortex:1. Reducing the mesh size of the
cortex reduces the diffusion coeffi-
cients of lipids and membrane-
bound proteins.
2. Membrane-bound proteins with
a larger size protruding into the
actin cortex are more corralled and
restricted in lateral motion than
the smaller lipid probes.
3. Fast and slow diffusion were ob-
served simultaneously and con-
traction of the actin network by
myosin filaments led to an increase
of the slow diffusion component.
4. Monte Carlo simulations rational-
ized these results in terms of diffus-
ing species confined in small free
areas of the network with a probabil-
ity of crossing network boundaries
thatwasgreater for small lipid probes
and smaller for large protein probes.
In summary, the work reported in
this article greatly expands our mecha-
nistic understanding of lipid and pro-
tein diffusion in membranes that are
tightly coupled to a dynamically vari-
able cortex of cytoskeleton. It should
now be possible to build further com-
plexity into this system and study
the interplay among lipid and protein
composition (including components
that produce lipid rafts) with the cyto-
skeletal cortex and find out how they
combine to modulate membrane diffu-
sion. It would also be interesting to
further extend these studies to model
membranes with asymmetric lipid,
protein, and cytoskeletal cortex com-
positions (9).REFERENCES
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